In view of the central role of adenosine triphosphate and related compounds in metabolism, the abiological synthesis of condensed phosphates is relevant to the problem of the origins of life.'-3 Here we describe experiments on the condensation of phosphate to pyrophosphate and of linear triphosphate to trimetaphosphate in aqueous solution. We have used three condensing agents-potassium cyanate,
In view of the central role of adenosine triphosphate and related compounds in metabolism, the abiological synthesis of condensed phosphates is relevant to the problem of the origins of life.'-3 Here we describe experiments on the condensation of phosphate to pyrophosphate and of linear triphosphate to trimetaphosphate in aqueous solution. We have used three condensing agents-potassium cyanate, dicyandiamide (cyanoguanidine), and the water-soluble diimide, 1-cyclohexyl-3-(2-morpholinyl-(4)-ethyl)-carbodiimide metho-p-toluenesulfonate (CDI).
Experimental.-Solutions were prepared and left to stand at room temperature. The experiments were analyzed 1-3 days after preparation. In a number of cases the analysis was repeated after a few weeks; in no case were the yields of products changed significantly. Analyses were carried out by the paper chromatographic method of Kolloff.4 Since orthophosphate reacts with cyanate to give carbamylphosphate, which can be mistaken for pyrophosphate on the chromatogram, it was necessary to destroy cyanate and carbamylphosphate. To achieve this result we acidified the solutions to pH 1,5 and after an hour neutralized and heated the sample for 10 min in boiling water.6 As a complexing agent for calcium, ethylenediaminetetraacetic acid (0.05 M) was added prior to chromatography. The solvents 90-7 and 92D-54 were used for the detection of pyrophosphate and trimetaphosphate, respectively. Solutions of known concentration were run simultaneously with the samples, and the yields were evaluated by comparing visually the intensities of the spots.
The lower limit of detection was generally 0. Summary.
-Potassium cyanate solutions would not bring about the condensation of orthophosphate to pyrophosphate or of tripolyphosphate to trimetaphosphate in homogeneous solutions; both condensations did occur, however, when sufficient calcium ion was added to form a phosphate precipitate. In the case of trimetaphosphate the condensation also took place in the presence of the precipitate formed from cyanate at low pH's.
Cyanamide dimer, if it caused the condensation of orthophosphate to pyrophos-phate, never did so in yields greater than 0.1 per cent; no formation of trimetaphosphate from tripolyphosphate was observed.
With a water-soluble carbodiimide, 1-cyclohexyl-3-(2-morpholinyl-(4)-ethyl)-carbodiimide metho-p-toluenesulfonate, we were unable to show condensation of orthophosphate to pyrophosphate, whereas tripolyphosphate was converted to trimetaphosphate in >50 per cent yield.
Note added in proof: Using 1-ethyl-3-(3-dimethyl amino) propyl carbodiimide hydrochloride, provided by Dr. Sheehan, we were able to isolate the trimetaphosphate as the benzidine salt, and to identify it by its IR spectrum. 
